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ABSTRACT 

A s  a means o f  a c q u i r i n g  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  
p h y s i c a l  p r o c e s s e s  and problems i n v o l v e d  i n  manufac tu r ing  t u b i n g  
j o i n t s ,  I v i s i t e d  North American 's  Space D i v i s i o n  
a t  Downey. A s  a r e s u l t ,  it was de t e rmined  t h a t  t h e  s p e c i f i c  
l i m i t a t i o n s  were: t he  n e c e s s i t y  f o r  making a large number o f  
j o i n t s  i n  t h e  s p a c e c r a f t ,  t h e  u s e  of o r d i n a r y ,  somewhat dated,  
"B" n u t  t echno logy ,  and t h e  d i f f i c u l t y  o f  h e a t i n g  t h e  aluminum 
t u b e s  t o  b r a z i n g  t e m p e r a t u r e s  w i t h i n  t h e  c o n f i n e s  o f  t h e  CM. 

It was l e a r n e d  tha t  improvements had been s u g g e s t e d  by 
NAA p e r s o n n e l  some t ime ago .  Now, however, such  improvements 
are  b e i n g  i n c o r p o r a t e d  o r ,  a t  l eas t ,  s e r i o u s l y  c o n s i d e r e d .  

The improvements be ing  i n c o r p o r a t e d  i n  t h e  n e a r  f u t u r e  
are a n  improved "Btt nu t  and a s h i e l d e d  s o l d e r  j o i n t .  Some o f  
t h e  improvements b e i n g  c o n s i d e r e d  are improved s o l d e r  a l l o y s ;  
larger ,  improved s o l d e r  j o i n t  s l e e v e s ;  and a t u b e  h o l d e r  t o  
p r e v e n t  "B" n u t  i n s t a l l a t i o n  t o r q u e s  from b e i n g  t r a n s m i t t e d  t o  
nearby  s o l d e r  j o i n t s .  The i n c o r p o r a t i o n  o f  improved t u b e  f l a r i n g  
f o r  t h e  "Btr n u t  o r  t h e  u s e  of o t h e r ,  more modern, mechan ica l  
j o i n t s  i s  r e q u i r e d .  
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MEMORANDUM FOR F I L E  

I n t r o d u c t i o n  
A s  a means o f  a c q u i r i n g  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  

p h y s i c a l  p r o c e s s e s  and problems i n v o l v e d  i n  m a n u f a c t u r i n g  t u b i n g  
j o i n t s ,  I v i s i t e d  North American's Space D i v i s i o n  
a t  Downey. T h i s  memo summarizes t h e  t o u r ,  t h e  d i s c u s s i o n s ,  t h e  
p r e s e n t  p h y s i c a l  l i m i t a t i o n s ,  and improvements p r e s e n t l y  c o n s i d e r e d .  

, 

The v i s i t  s t a r t ed  w i t h  a b r i e f  d i s c u s s i o n  w i t h  B .  Rosen- 
b e r g e r  o f  Apol lo  Manufactur ing and A r t  Maier, who i s  i n  c h a r g e  o f  
a l l  f i n a l  a s s e m b l i e s  f o r  Apollo manufac tu r ing .  I a s s u r e d  them 
t h a t  I was n o t  on a n  i n s p e c t i o n  t r i p :  I wanted t o  l e a r n  what were 
t h e  p r e s e n t  methods and what were t h e  l i m i t a t i o n s  caused  by t h e  
sequenc ing  and s c h e d u l i n g ,  by  t h e  geometry o f  t h e  i n s t a l l a t i o n  and 
by o t h e r  p h y s i c a l  problems.  A r t  Maier e s c o r t e d  me t o  t h e  f i n a l  
assembly c l e a n  room, where I i n s p e c t e d  t h e  i n t e r i o r  o f  CM 1 0 1  and 
1 0 3  f o r  g e n e r a l  arrangement  o f  t u b i n g ,  saw a d e m o n s t r a t i o n  o f  
s o l d e r i n g  aluminum t u b i n g  and b r a z i n g  s t e e l  t u b i n g ,  and viewed 
X-rays o f  b o t h  s a t i s f a c t o r y  and u n s a t i s f a c t o r y  c o u p l i n g s .  

I t h e n  v i s i t e d  t h e  sub-assembly t u b i n g  depar tment  which 
i s  a l s o  a c l e a n  room and saw a u t o m a t i c  welding of  s t e e l  t u b i n g .  
S t i l l  l a t e r ,  I saw t h e  machinery f o r  f l a r i n g  t u b e s  and f o r  manu- 
f a c t u r i n g  rrBrr  n u t  a s s e m b l i e s .  I s t u d i e d  t h e  machinery a v a i l a b l e  
f o r  f l a r i n g  and i n s p e c t e d  some "Btt n u t  a s s e m b l i e s .  The most modern 
f l a r i n g  t o o l  i n  t h e  depar tment  ( a n  o r b i t a l  r i n g  t y p e ,  Leonard Tube 
Master 3CP-HD) produces  a smooth f l a r e  w i t h  h i g h  p r e c l s i o n  and 
small e c c e n t r i c i t y .  T h i s  t o o l ,  however, r e q u i r e s  a minimum 3" 
s t r a i g h t  l e n g t h  o f  t u b e  i n  back o f  t h e  f l a r e  f o r  c l e a r a n c e  and i s  
not  c a l l e d  o u t  f o r  CSM ECS a s s e m b l i e s .  I n s t e a d ,  o l d e r  f l a r i n g  
machines  w i t h  s p l i t  d i e s  and g e n e r a l l y  p o o r e r  o u t p u t  are  used .  I 
a l s o  saw t h e  s a l t  b a t h  f o r  aluminum b r a z i n g .  The s a l t  b a t h  was 
c l o s e d  down because  o f  t h e  f a i l u r e  o f  a t e m p e r a t u r e  c o n t r o l .  

Later ,  i n  A r t  Ma ie r ' s  o f f i c e ,  we d i s c u s s e d  t h e  improve- 
ments  which are  b e i n g  cons ide red  i n  s o l d e r  j o i n t s .  The Eng inee r ing  
Development Labora to ry  i s  working on new s o l d e r s .  Longer s o l d e r  
j o i n t  s l e e v e s  w i t h  improved mechanica l  p r o p e r t i e s  and armored j o i n t s  
are b e i n g  c o n s i d e r e d .  A t u b e  h o l d e r  has been proposed  by A r t  Maier 
which would r educe  the  amount o f  n e t  t o r q u e  t r a n s m i t t e d  from t h e  
end where t h e  ltBtr nu t  f i t t i n g  i s  be ing  assembled .  
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Afterwards I r e t u r n e d  t o  Mr. R o s e n b e r g e r ' s  o f f i c e  
and had a b r i e f  d i s c u s s i o n  w i t h  h i m  i n  t he  p r e s e n c e  o f  a 
p u r c h a s i n g  s u p e r v i s o r ,  R .  E .  J a c h u r a ,  and a r e p r e s e n t a t i v e  
from MSFC, M r .  J a c k  Friedman. Although t h e s e  men seemed t o  be 
g e n e r a l l y  knowledgeable ,  t hey  d i d  n o t  have any s p e c i f i c  data 
t o  c o n t r i b u t e .  

I t h e n  v i s i t e d  Ed Copeland o f  Envi ronmenta l  C o n t r o l  
S y s t e m  Eng inee r ing  who e x p l a i n e d  t h e  s u p e r i o r i t y  o f  t h e  Wiggins 
"B1' n u t .  The t lBtr n u t s  manufactured by Wiggins are  s u p e r i o r  t o  
t h e  AN and MIL spec  p r o d u c t s  i n  two i m p o r t a n t  d e t a i l s :  

1. The s l e e v e  i s  shaped t o  g e t  a b e t t e r  g r i p  on t h e  
f l a r e .  

2.  The t h r e a d s  are  more p r e c i s e l y  machined t o  a s s u r e  
a t i g h t e r ,  more permanent g r i p .  

The p u r p l e  o r  Wiggins IrBtr n u t  f i t t i n g s  a r e  b e i n g  
i n t r o d u c e d ;  u n f o r t u n a t e l y ,  t h e  e f f e c t i v i t y  i s  CSM 1 0 7 .  

M r .  I a n  P h i l l i p s  showed m e  some s o l d e r e d  j o i n t s  w i t h  
e n l a r g e d  s l e e v e s  and o t h e r  improvements. These mod i f i ed  s o l d e r  
j o i n t s  show much g r e a t e r  r e s i s t a n c e  t o  v a r i o u s  mechan ica l  
s t resses  t h a t  seem t o  be t h e  cause  o f  some o f  t h e  l e a k s  i n  t h e  
s o l d e r e d  j o i n t s .  

Impress ions  

I n  r e s p o n s e  t o  some of  my q u e s t i o n s  about  t h e  
p o s s i b i l i t i e s  of  improving t h e  j o i n t s ,  most o f  t h e  p e o p l e  I 
spoke  t o  e x p r e s s e d  t h e  f e e l i n g  t h a t ,  "Well, t h e  j o i n t s  a r e n ' t  
a l l  t h a t  bad." They a l l  seemed t o  be s u r p r i s e d  when I quo ted  
t h e  number o f  leaks d i scove red  a t  KSC."  None had e v e r  heard 
of t h e  Genera l  E l e c t r i c  R e l i a b i l i t y  Study o f  t h e  t u b e  j o i n t  
problem."" 

The t e c h n i c a l  c a p a b i l i t y ,  b o t h  i n  p r o d u c t i o n  and  
e n g i n e e r i n g ,  seemed t o  be  on a s u f f i c i e n t l y  h i g h  l e v e l .  There 
have hppyl 2 large ylij-mher nf  ideas5 sugges t ions5  and-  concept.^ for 
t h e  improvement of  t u b i n g  c o n n e c t i o n s  a v a i l a b l e  f o r  a l o n g  t i m e  i n  t h e  
v a r i o u s  e n g i n e e r i n g  and p r o d u c t i o n  o r g a n i z a t i o n s  a t  North 
American. Only ve ry  r e c e n t l y  a r e  t h e s e  improvements b e i n g  
a c t i v e l y  c o n s i d e r e d  f o r  a c t u a l  i n c o r p o r a t i o n  i n t o  t h e  Apol lo  
Program. 

*There were a t o t a l  o f  28 on S p a c e c r a f t  0 0 9 ,  011  and  0 1 2 .  

**NASA, MSC l e t t e r  to J .  C .  Cozad from ASP0 
~PR2-67),  s u b j e c t :  l lCont rac t  NAS 9-150, Recommendations f o r  
Improvement i n  t h e  R e l i a b i l i t y  o f  ECS So lde red  Tubing J o i n t s "  
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Improved f l a r i n g  t e c h n i q u e s  a re  s e r i o u s l y  needed .  
The f l a r e s  f o r  t h e  CSM a r e ,  i n  my o p i n i o n ,  manufac tured  t o  
o r d i n a r y  a i r c r a f t  s t a n d a r d s  w i t h  methods t h a t  seem t o  be  
about  t e n  years  o l d .  

The d e c i s i o n  t o  go t o  t h e  improved Wiggins "B" n u t  
is based  on knowledge that  is, a t  l e a s t ,  two years o l d .  The 
l a r g e r  s o l d e r e d  j o i n t  s l e e v e s  w i t h  i n c r e a s e d  a r e a  t o  improve 
t h e  t r a n s m i s s i o n  o f  t h e  v a r i o u s  s t r e s s e s  t h r o u g h  t h e  j o i n t  
promise t o  be a s u c c e s s f u l  s o l u t i o n  t o  t h a t  problem. 

The dominant p h y s i c a l  c o n s t r a i n t s  o f  s p a c e c r a f t  
p r o d u c t i o n  and i n s t a l l a t i o n  of t u b i n g  r e q u i r e  a l a r g e  number 
of j o i n t s .  T h i s  i s  n e c e s s a r y  t o  p e r m i t  i n s t a l l a t i o n  i n  t h e  
c l e a n  room ( a f t e r  a s i g n i f i c a n t  d e g r e e  o f  b u i l d u p )  and removal  
and rep lacement  a t  t h e  Cape. 

The aluminum t u b e  a s s e m b l i e s  have s u f f e r e d  ma in ly  
from two c a u s e s :  

1. R e l a t i v e l y  o l d  "B" nu t  t echno logy  was used .  

2 .  The h i g h  e l e c t r i c a l  and thermal  c o n d u c t i v i t y  o f  
aluminum l i m i t s  t h e  heat t h a t  can  be e l e c t r i c a l l y  
g e n e r a t e d  f o r  i n - p l a c e  b r a z i n g .  Thus, low tempera- 
t u r e  ( i . e . ,  low s t r e n g t h )  s o l d e r  j o i n t s  are 
p r e s e n t l y  r e q u i r e d .  

The f i r s t  s o u r c e  of f a i l u r e  can  b e  c o r r e c t e d  now 
b y  improved "Brr n u t s  and o t h e r  mechanica l  f i t t i n g s .  The 
second s o u r c e  of  j o i n t  f a i l u r e  can  be remedied by improving  
and p r o t e c t i n g  t h e  s o l d e r e d  j o i n t s .  

P r e l i m i n a r y  Recommendations 

Mechanical  F i t t i n g s  - The best  a v a i l a b l e  t e c h n i q u e s  
f o r  mechanica l  f i t t i n g s  should  be used  t o  a much greater  
e x t e n t .  

Snldprpd F i t . t i f i t r ~  - Enlargpcj afid imprni-rpd slppirps 

f o r  s o l d e r e d  j o i n t s  shou ld  be i n c o r p o r a t e d .  E f f o r t s  s h o u l d  
be d i r e c t e d  toward development of  a t e c h n i q u e  t o  pe r fo rm i n -  
p l a c e  b r a z i n g  of aluminum t u b e s .  Mechanical  f i t t i n g s  s h o u l d  
be c o n s i d e r e d .  

2031-SSF-dly 



BELLCOMM, I N C .  

S u b j e c t :  T r i p  Repor t  - ECS Tubing From: S .  S .  Fineblum 
J o i n t s ,  North American 
A v i a t i o n  - SID 

DISTRIBUTION LIST 

NASA H e a d a u a r t e r s  

Messrs. L. E.  Day/MAT 
C .  C .  Gay/MAT 
L .  B. J a m e s / M A - A  
T. A .  Keegan/MA-2 .+COPY -i3 
C.  H.  King, J r . l M A T  
R.  V. Murad/MAT 
A .  F. Phill ips/MAT ' 

J.  H .  Turnock/MA-4 
R .  L. Wetherington/MAT 
G .  C .  White,  J r . / M A R  
W .  J .  Willoughby/MAR 

Manned S p a c e c r a f t  C e n t e r  

Messrs. R .  Gillen/EC-3 
E. L. Hays/EC 
F. H.  Samonski, Jr./EC-3 

Bellcomm 

MPRSYS. G .  M .  Ander son  
C .  Bidgood 
A .  P .  Boysen, Jr. 
D .  R .  Hagner 
P .  L .  Havens te in  
J .  J .  H i b b e r t  
W .  C .  Xittinger 
B ,  T .  Howard 
J .  Z .  Menard 
I .  D.  Nehama 
T.  L .  Powers 
I. M .  Ross 

G .  B.  T r o u s s o f f  
R.  L.  Wagner 

m 
I . E. Tiiwrripsoi-i 

Department 2031 
Department 1023 
C e n t r a l  F i l e s  
L i b r a r y  

4 


